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(54) [TITLE OF THE INVENTION] LIQUID CRYSTAL DISPLAY 
ELEMENT AND ITS PRODUCTION METHOD 
(5 7) [ABSTRACT] 

[PROBLEMS TO BE SOLVED] To embody a good display grade, 
shortening of injection time, uniformity of inter-substrate spacing, 
and high impact resistance. 

[SOLUTION MEANS] Electrode substrates 11, 12 are 
manufactured by forming striped electrodes and orientation films 
subjected to orientation treatments (rubbing) on transparent 
substrates. The electrode substrate 11 has striped and wall-like 
spacers 8... formed in parallel with the electrodes. The electrode 
substrates 11, 12 are disposed to face each other in such a manner 
that the electrodes on the respective substrates intersect with each 
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other, and bonded via the spacers 8.... The, a liquid crystal 43 is 
injected therebetween. At this time, the direction of injection is 
aligned to the longitudinal direction of the spacers 8.... As a 
result, the angle formed by the injection direction and the rubbing 
direction is made the same with respect to all pixels and, therefore, 
the display grade is improved. In addition, the liquid crystal 43 is 
evenly injected along the spacers 8... and, therefore, the injection is 
rapidly finished. Further, the spacing between the electrode 
substrates 11, 12 is kept uniform by the spacers 8..., and the 
structure strong to impact is formed. 
[CLAIMS] 

[CLAIM l] A liquid crystal display element in which a liquid crystal 
layer composed of liquid crystal is disposed between a pair of 
substrates each having a plurality of striped electrodes for 
applying a voltage to the liquid crystal layer and an orientation 
control layer for controlling the orientation of the liquid crystal 
layer, at least one of the pair substrates having light penetration, 
wherein 

a plurality of wall -like spacers having a uniform height are 
formed on at least one of the pair substrates in such a manner as to 
be nearly in parallel with the liquid crystal injection direction. 
[CLAIM 2] The liquid crystal display element of claim 1, wherein 
the liquid crystal layer is formed by injecting the liquid crystal in a 
direction either the same as or opposite to the direction for 
orientation treatments of the orientation control layers. 
[CLAIM 3] The liquid crystal display element of claim 1, wherein 
the spacers are disposed in regions between the electrodes on the 
same substrate and also regions onto which the regions are thrown 
vertically to the surface of the substrate and the spacers have an 
optical isotropy. 
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[CLAIM 4] The liquid crystal display element of claim 1, wherein 
an injection port through which the liquid crystal is injected is 
formed to have a width the same as or larger than the width of a 
display region with respect to the width direction of the spacers. 
[CLAIM 5] The liquid crystal display element of claim 1, wherein 
the spacers are made from a photo curing resin. 
[CLAIM 6] The liquid crystal display element of claim 1, wherein 
the orientation control layer on the substrate provided with the 
spacers is disposed in an upper position than the spacers and is 
directly bonded to the orientation control layer on the other 
substrate at the tops of the spacers, and this bondage makes the 
pair substrates be bonded to each other. 

[CLAIM 7] The liquid crystal display element of claim 1, wherein 
the orientation control layer on the substrate provided with the 
spacers is disposed in an upper position than the spacers and is 
bonded to the orientation control layer on the other substrate via 
an adhesive layer at the tops of the spacers, and this bondage 
makes the pair substrates be bonded to each other. 
[CLAIM 8] The liquid crystal display element of claim 1, wherein 
the spacers are disposed in an upper position than the orientation 
control layer on one substrate and are bonded to the orientation 
control layer on the other substrate at their tops, and this bondage 
makes the pair substrates be bonded to each other. 
[CLAIM 9] The liquid crystal display element of claim 1, wherein 
the liquid crystal is a ferroelectric liquid crystal. 
[CLAIM 10] A method of manufacturing a liquid crystal display 
element in which a liquid crystal layer composed of liquid crystal is 
disposed between a pair of substrates each having an orientation 
control layer for controlling the orientation of the liquid crystal 
layer, at least one of the pair substrate having light penetration, 
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said method comprising: 

a first step of forming a plurality of wall-like spacers having 
a uniform height on at least one of the pair substrates; 

a second step of bonding the pair substrates via the spacers; 

and 

a third step of injecting the liquid crystal between the pair 
substrates in the longitudinal direction of the spacers. 
[CLAIM 11] The method of manufacturing a liquid crystal display 
element of claim 10, wherein the third step involves injecting the 
liquid crystal in a direction either the same as or opposite to the 
direction for orientation treatments of the orientation control 
layers. 

[CLAIM 12] The method of manufacturing a liquid crystal display 
element of claim 10, wherein the first step involves making the 
spacers from a photo curing resin. 

[CLAIM 13] The method of manufacturing a liquid crystal display 
element of claim 10, wherein the first step contains a process of 
forming orientation control layers so as to cover not only the 
substrates but also the spacers on the substrate having the spacers, 
and the second step involves bonding the portions of the orientation 
control layer that are on the tops of the spacers on one of the 
substrates directly to the orientation control layer on the other 
substrate, thereby bonding the pair substrates to each other. 
[CLAIM 14] The method of manufacturing a liquid crystal display 
element of claim 10, wherein the first step contains a process of 
forming orientation control layers so as to cover not only the 
substrates but also the spacers on the substrate having the spacers, 
and a process of forming an adhesion layer at the portions of the 
orientation control layer covering the spacers that are on the tops 
of the spacers, and the second step involves bonding the orientation 
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control layers via the adhesion layer, thereby bonding the pair 
substrates to each other. 

[CLAIM 15] The method of manufacturing a liquid crystal display 
element of claim 10, wherein the first step contains a process of 
forming orientation control layers so as to cover the substrates, and 
the spacers are formed on the orientation control layers, and the 
second step involves bonding the tops of the spacers to the opposing 
orientation control layers, thereby bonding the pair substrates to 
each other. 

[DETAILED DESCRIPTION OF THE PRESENT INVENTION] 
[0001] 

[TECHNICAL FIELD WHERE THE INVENTION BELONGS] The 
present invention relates to a liquid crystal display element which 
has excellent impact resistance and a good display grade. 
[0002] 

[PRIOR ART] As shown in Figure 11 the prior art liquid crystal 
display element (liquid crystal cell) has a pair of light-penetrating 
substrates 51, 52 provided with striped electrodes 53... and 54..., 
respectively, disposed to be orthogonal to each other. 
[0003] Electrodes 53... are coated with an insulator film 55 and an 
orientation film 56, and light-shielding members 57, 57 are 
provided at both sides of each electrode 53. Electrodes 54... are 
coated with an insulator film 58 and an orientation film 59, and 
light-shielding members (not illustrated) similar to the 
light-shielding members 57... are provided at both sides of each 
electrode 54. 

[0004] Thus, an electrode substrate 60 is formed by arranging the 
electrodes 53..., the insulator film 55, the orientation film 56, and 
the light-shielding members 57... on the substrate 51. Similarly, 
an electrode substrate 61 is formed by arranging the electrodes 
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54..., the insulator film 58, the orientation film 59, and the 
shielding members on the substrate 52. 

[0005] The electrode substrates 60 and 61 are bonded to each other 
by a sealing material 62 with a spacing therebetween in a manner 
that the sides having the electrodes 53... and 54... are inside. In 
the spacing, spherical spacers 63... are disposed and liquid crystal 
is sealed to form a liquid crystal layer 64. 

[0006] The spacing between the electrode substrates 60 and 61 is 
generally as short as 1 to 20pm. In order to inject liquid crystal 
into such a narrow gap, generally used methods are (l) injecting 
under the atmospheric pressure and (2) injecting under a reduced 
pressure. 

[0007] As a specific example of method (l), it is known to provide 
plural injection ports in the sealing material 62 and to inject liquid 
crystal by making use of a capillary phenomenon under the 
atmospheric pressure. In this method, however, the air left inside 
the gap after the injection exists as bubbles inside the liquid 
crystal layer, which causes a decrease in display grade. 
[0008] On the other hand, the method (2), to be more specifically, 
comprises a first step of placing an empty cell in a container whose 
internal pressure can be reduced, and reducing the pressure of the 
gap between the electrode substrates 60 and 61 and the 
atmosphere; a second step of heating the empty cell as high as or 
higher than the temperature at which the liquid crystal exhibits a 
nematic phase or an anisotropic phase?* a third step of filling the 
injection port with liquid crystal; and a fourth step of gradually 
returning the atmosphere to the atmospheric pressure. In this 
method, since the injection port is filled with the liquid crystal at 
the third step, the gap between the substrates is kept in the state of 
reduced-pressure even when the atmosphere is returned to the 
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atmospheric pressure in the fourth step, and there is a difference in 
pressure between the gap and the atmosphere. This pressure 
difference makes the liquid crystal be injected between the 
substrates. 

[0009] Thus, in method (2), bubbles in the liquid crystal between 
the substrates are eliminated by pressure reduction and, therefore, 
method (2) with fewer bubbles is superior to method (l) in display 
grade. 
[0010] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] The 
above-described prior art injection methods have various problems 
as follows. 

[0011] The inventors of the present invention have examined the 
influence of the angle formed by the injection direction and the 
rubbing direction on the orientability of the liquid crystal, and 
found out that uniform orientation cannot be obtained if this angle 
varies from pixel to pixel. 

[0012] In the prior art injection method, as shown in Figures 12 (a) 
and (b), the liquid crystal 65, which is injected through injection 
ports 66, spreads so as to form the shape of a fan in the directions 
shown by the arrows between the electrode substrates 60 and 61. 
Therefore, it is difficult to control the angle formed by the injection 
direction and the rubbing direction. Thus, in the prior art 
injection method, the angle's variation from pixel to pixel may 
cause an uneven orientation of the liquid crystal 65 and decrease 
the display grade. 

[0013] In addition, when injection is conducted as shown in Figures 
12 (a) and (b), it takes time for the injection. For this reason, if 
the injection of method (2) is done with the use of a liquid crystal 
compound having a low boiling point, there is the problem that the 
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liquid crystal composite placed under a reduced pressure for long 
hours volatilizes to change the composition of the liquid crystal 
composite. On the other hand, in the liquid crystal display 
element shown in Figure 12 (b) having plural injection ports 66..., 
the liquid crystal 65 fails to reach the vicinity of both corners of the 
sealing material 62 on the side closer to the injection ports 66... 
and, therefore, non-injected regions 67, 67 appear. Thus, the 
occurrence of an injection failure may also decrease the display 
grade. 

[0014] When the adhesion of the sealing material 62 to bond the 
electrode substrates 60 and 61 is insufficient, the distance between 
the electrode substrates 60 and 61 changes before and after the 
injection due to changes in the temperature and pressure of the 
panel and the amount of the liquid crystal injected during the 
injection process, thereby making the cell gap uneven. As a result, 
the threshold value voltage and orientation become uneven, leading 
to a decrease in display grade. Thus, when the adhesion between 
the electrode substrates 60 and 61 is insufficient, there is the 
problem that the cell gap cannot be controlled accurately. 
[0015] Furthermore, ferroelectric liquid crystal, which has been 
drawing attention as a liquid crystal material in recent years, has 
the excellent property of a high speed response because of its 
spontaneous polarization,' however, on the other hand, its molecule 
orientation has regularity closer to crystal. Hence, ferroelectric 
liquid crystal has the drawback of being hard to return to the 
original state when the regularity of the molecule orientation is 
disordered by an external pressure, that is, being vulnerable to 
impact- 
tOO 16] However, in the liquid crystal display element shown in 
Figure 11, the spacers 63..., which are merely dispersed between 
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the electrode substrates 60 and 61, are poor at absorbing impact. 
Therefore, ferroelectric liquid crystal cannot be used for the 
above-mentioned liquid crystal display element. 
[0017] The present invention contrived to solve these prior art 
problems has the object of providing a liquid crystal display 
element capable of realizing an excellent display grade, shorter 
injection time, uniformity of iriter-substrate spacing, and high 
impact resistance. 
[0018] 

[MEANS TO SOLVE THE PROBLEMS] The liquid crystal display 
element of claim 1 of the present invention is characterized by 
having the following means to solve the above-described problems 
in a liquid crystal display element in which a liquid crystal layer 
composed of liquid crystal is disposed between a pair of substrates 
each having a plurality of striped electrodes for applying a voltage 
to the liquid crystal layer and an orientation control layer for 
controlling the orientation of the liquid crystal layer, at least one of 
the pair substrates having light penetration. 

[0019] In short, in the liquid crystal display element, a plurality of 
wall-like spacers having a uniform height are formed on at least 
one of the pair substrates in such a manner as to be nearly in 
parallel with the liquid crystal injection direction. 
[0020] In the above structure, the spacers are arranged to be nearly 
in parallel with the liquid crystal injection direction and, therefore, 
when liquid crystal is injected between the substrates in order to 
form a liquid crystal layer in manufacturing the liquid crystal 
display element of the present invention, the liquid crystal is 
injected along the longitudinal direction of the spacers. In short, 
the injection direction can be controlled by the direction in which 
the spacers are formed. Consequently, the angle formed by the 
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injection direction and the direction for orientation treatment 
becomes the same for all the pixels, thereby realizing uniform 
orientation. 

[0021] In addition, the spacers serve to keep the distance between 
the substrates (cell gap) the same before and after the liquid 
crystal injection, thereby improving the impact resistance. 
[0022] Moreover, since the injection proceeds uniformly between all 
the spacers, there is no region left without being filled with the 
liquid crystal. In addition, since the injection region is divided 
into a number of long and narrow regions by the spacers, the liquid 
crystal enters rapidly into each divided region so as to accelerate 
the injection time. Consequently, it becomes possible to suppress 
changes in composition of the liquid crystal composite, which 
becomes an issue in injecting under a reduced pressure. 
[0023] The liquid crystal display element of claim 1, as described in 
claim 2, is preferably formed by injecting the liquid crystal in the 
direction either the same as or opposite to the direction for 
orientation treatments of the orientation control layers. 
[0024] Consequently, the liquid crystal can be injected under the 
optimum condition where the angle formed by the injection 
direction and the orientation treatment direction is the same for all 
the pixels, which further improves orientation uniformity. 
[0025] In the liquid crystal display element of claim 1, as described 
in claim 3, it is preferable that the spacers are disposed in regions 
between the electrodes on the same substrate and also regions onto 
which the regions are thrown vertically to the surface of the 
substrate and the spacers have an optical isotropy. 
[0026] Thus, the spacers are formed outside the pixel regions, and 
therefore, there are no such problems as orientation detects caused 
in the vicinity of the spacers, unevenness in switching of liquid 
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crystal molecules, and a decrease in open area ratio, unlike the 
structure where spacers are formed inside the pixel region. The 
spacers, which are optically anisotropic, extinct under cross Nicol 
to function as black matrix. 

[0027] The spacers are formed in the above-mentioned regions of 
either all or some of the electrodes. 

[0028] In the liquid crystal display element of claim 1, as described 
in claim 4, it is preferable that an injection port through which the 
liquid crystal is injected is formed to have a width the same as or 
larger than the width of the display region with respect to the 
width direction of the spacers. 

[0029] When plural injection ports are provided on a side surface of 
the liquid crystal display element, the liquid crystal spreads 
making ripples (unevenly) from each injection port as shown in 
Figure 12 (b). In order to make the liquid crystal travel evenly 
from the injection ports to all the inter-space regions, it is 
necessary to provide a fixed distance from each injection port to 
each spacer. Therefore, if spacers are formed away from the 
injection ports, in the regions between the injection ports and the 
spacers, it is difficult to improve the impact resistance and the 
uniformity of the cell gap. 

[0030] In contrast, in the above structure, the injection ports have 
a width the same or larger than the width of the display region with 
respect to the width direction of the spacers, which enables the 
liquid crystal to travel from the injection ports to each spacer 
evenly. As a result, spacers can be formed without setting a 
difference in distance from the injection ports. In addition, the 
injection ports are wide enough to inject the liquid crystal within a 
short time. 

[0031] In the liquid crystal display element of claim 1, as described 
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in claim 5, it is preferable that the spacers are made from a photo 
curing resin. 

[0032] When the spacers are made from, for example, an organic or 
inorganic material, such method is employed as the material is 
shaped to have a fixed thickness, and a resist film is formed 
thereon and exposed via a mask. In contrast, when the spacers 
are made from a photosensitive organic resin such as 
photosensitive polyimide or a photosensitive acrylic resin as a 
photo curing resin, the resist film becomes unnecessary. 
[0033] In the liquid crystal display element of claim 1, it is 
preferable that the orientation control layer on the substrate 
provided with the spacers is, as described in claim 6, disposed in an 
upper position than the spacers and is directly bonded to the 
orientation control layer on the other substrate at the tops of the 
spacers, and this bondage makes the pair substrates be bonded to 
each other. 

[0034] Since the substrates are bonded to each other by the direct 
bondage of the orientation control layers, that is, layers made of 
the same material; it becomes possible to avoid inconveniences 
caused by bonding layers made from different materials. The 
inconveniences include deformation of either one of the materials 
due to overheat or overpressure, and adhesion failure such as lack 
of adhesion intensity due to insufficient heating or pressure. 
[0035] Since the orientation control layers are formed after the 
formation of the spacers, the process of producing the spacers does 
not have detrimental effects such as contamination, a change in 
quality, or a breakage on the orientation control layers, thereby 
realizing excellent orientation. 

[0036] Only the orientation control layers have to be bonded to each 
other in a softened state and so there is no need of softening the 
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spacers. Therefore, the completed spacers can be kept in a 
hardened state, thereby controlling the cell gap accurately. 
[0037] In the liquid crystal display element of claim 1, it is 
preferable that the orientation control layer on the substrate 
provided with the spacers is, as described in claim 7, disposed in an 
upper position than the spacers and is bonded to the orientation 
control layer on the other substrate via an adhesive layer at the 
tops of the spacers, and this bondage makes the pair substrates be 
bonded to each other. 

[0038] Thus bonding the orientation control layers to each other via 
the adhesive layer makes it unnecessary to soften the orientation 
control layers. Hence, the orienting effects of the orientation 
control layers are never lost. 

[0039] In the liquid crystal display element of claim 1, it is 
preferable that the spacers, as described in claim 8, are disposed in 
an upper position than the orientation control layer on one 
substrate and are bonded to the orientation control layer on the 
other substrate at their tops, and this bondage makes the pair 
substrates be bonded to each other. 

[0040] When the orientation control layers are made from a 
material which is turned into imide to some extent such as soluble 
polyimide, the adhesion strength between the orientation control 
layers is very low. In contrast, in the structure where the spacers 
are bonded to the orientation control layers, the adhesion strength 
between them can be improved even if the orientation control 
layers are made from soluble polyimide. 

[0041] In the liquid crystal display element of claim 1, as described 
in claim 9, it is preferable that the liquid crystal is a ferroelectric 
liquid crystal. In short, as described before, the liquid crystal 
display element of claim 1 is excellent in impact resistance, and so 
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the orientation of the ferroelectric liquid crystal is never damaged 
by an impact even with the use of the ferroelectric liquid crystal 
vulnerable to impact. 

[0042] The method of manufacturing a liquid crystal display 
element of claim 10 of the present invention is characterized by 
having the following means to solve the above-described problems 
in a method of manufacturing a liquid crystal display element in 
which a liquid crystal layer composed of liquid crystal is disposed 
between a pair of substrates each having an orientation control 
layer for controlling the orientation of the liquid crystal layer, at 
least one of the pair substrate having light penetration. 
[0043] In other words, the method of manufacturing a liquid crystal 
display element comprises- a first step of forming a plurality of 
wall-like spacers having a uniform height on at least one of the pair 
substrates; a second step of bonding the pair substrates via the 
spacers; and a third step of injecting the liquid crystal between the 
pair substrates in the longitudinal direction of the spacers. 
[0044] In the above manufacture method, since the spacers are 
formed to be in parallel with the electrodes in the second step, 
when the liquid crystal is injected in the longitudinal direction of 
the spacers in the fourth step, the direction for the liquid crystal to 
travel between the substrates is fixedly controlled. Consequently, 
the angle formed by the injection direction and the rubbing 
direction is made the same for all the pixels, thereby realizing 
uniform orientation. 

[0045] The presence of the spacers can keep the cell gap uniform 
before and after the liquid crystal injection, and improve impact 
resistance. 

[0046] Moreover, since the injection proceeds uniformly between all 
the spacers, there is no region left without being filled with the 
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liquid crystal. In addition, since the injection region is divided 
into a number of long and narrow regions by the spacers, the liquid 
crystal enters rapidly into each divided region so as to accelerate 
the injection time. Consequently, it becomes possible to suppress 
changes in composition of the liquid crystal composite, which 
becomes an issue in injecting under a reduced pressure. 
[0047] In the method of manufacturing a liquid crystal display 
element of claim 10, as described in claim 11, it is preferable that 
the third step involves injecting the liquid crystal in a direction 
either the same as or opposite to the direction for orientation 
treatments of the orientation control layers. 

[0048] Consequently, the liquid crystal can be injected under the 
optimum condition where the angle formed by the injection 
direction and the orientation treatment direction is the same for all 
the pixels, which further improves orientation uniformity. 
[0049] In the method of manufacturing a liquid crystal display 
element of claim 10, as described in claim 12, it is preferable that 
the first step involves making the spacers from a photo curing 
resin. 

[0050] When the spacers are made from a photosensitive organic 
resin such as photosensitive polyimide or a photosensitive acrylic 
resin as a photo curing resin, the resist film, which is need to make 
the spacers from an organic or inorganic material, becomes 
unnecessary. 

[0051] In the method of manufacturing a liquid crystal display 
element of claim 10, as described in claim 13, it is preferable that 
the first step contains a process of forming orientation control 
layers so as to cover not only the substrates but also the spacers on 
the substrate having the spacers, and the second step involves 
bonding the portions of the orientation control layer that are on the 
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tops of the spacers on one of the substrates directly to the 
orientation control layer on the other substrate, thereby bonding 
the pair substrates to each other. 

[0052] Thus, in the second step, the substrates are bonded to each 
other by the direct bondage of the orientation control layers, that is, 
layers made of the same material, and so it becomes possible to 
avoid bondage failure caused by bonding layers made from different 
materials. In addition, since the orientation control layers are 
formed after the formation of the spacers, the formation of the 
spacers does not have detrimental effects such as contamination, a 
change in quality, or a breakage on the orientation control layers, 
thereby realizing excellent orientation. Furthermore, in the 
second step, only the orientation control layers have to be bonded to 
each other in a softened state and so the spacers can be kept in a 
hardened state. 

[0053] In the method of manufacturing a liquid crystal display 
element of claim 10, as described in claim 14, it is preferable that 
the first step contains a process of forming orientation control 
layers so as to cover not only the substrates but also the spacers on 
the substrate having the spacers, and a process of forming an 
adhesion layer at the portions of the orientation control layer 
covering the spacers that are on the tops of the spacers, and the 
second step involves bonding the orientation control layers via the 
adhesion layer, thereby bonding the pair substrates to each other. 
Thus, in the second step, bonding the orientation control layers to 
each other via the adhesion layer makes it unnecessary to soften 
the orientation control layers. In addition, like in the 
manufacture method of claim 13, the orientation control layers can 
be bonded without completely softening the spacers. 
[0054] In the method of manufacturing a liquid crystal display 
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element of claim 10, as described in claim 15, it is preferable that 
the first step contains a process of forming orientation control 
layers so as to cover the substrates, and the spacers are formed on 
the orientation control layers, and the second step involves bonding 
the tops of the spacers to the opposing orientation control layers, 
thereby bonding the pair substrates to each other. 
[0055] Thus, in the second step, bonding the spacers to the 
orientation control layers can improve the adhesion strength as 
compared with the adhesion between the orientation control layers 
made from soluble polyimide. 
[0056] 

[EMBODIMENT OF THE INVENTION] The liquid crystal display 
element of an embodiment of the present invention will be 
described as follows, based on Figures 1 through 10, by taking the 
first to third liquid crystal cells as examples. Components 
commonly used in the first to third liquid crystal cells are referred 
to with common reference numbers. 

[0057] [the first liquid crystal cell] As shown in Figure 6, the first 
liquid crystal cell comprises insulating substrates 1 and 2, which 
are disposed to face each other. The substrates 1 and 2 are made 
from glass, plastic, silicon, or the like, and at least one of them is 
made from a transparent material. 

[0058] The substrates 1 and 2 are provided with striped electrodes 
3... and 4... formed thereon. The electrodes 3... and electrodes 4... 
are disposed to cross each other at right angles, and each 
intersection forms a pixel. Although the electrodes 3... and 4... 
are preferably made from ITO (indium tin oxide) in general, they 
can be transparent electrodes made from other metals. 
[0059] The substrate 1 is provided with light-shielding members 5, 
5 thereon along both sides of each electrode 3. The light-shielding 
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members 5 shield light at both sides of the electrode 3, and are 
made from a metal such as Cr, Mo, or Al or a non-transparent 
organic resin. On the other hand, the substrate 2 is provided with 
light-shielding members (not illustrated) thereon made from the 
same material as the light-shielding members 5 along both sides of 
each electrode. 

[0060] The substrate 1 is further provided with an insulator film 6 
in a manner as to cover the electrodes 3... and the light-shielding 
members 5.... On the other hand, the substrate 2 is also provided 
with an insulator film 7 in a manner as to cover the electrodes 4... 
and the light-shielding members. On the insulator film 6, a 
plurality of spacers 8... and an orientation film 9 as the orientation 
control layer are formed, whereas on the insulator film 7, an 
orientation film 10 as the orientation control layer is formed. The 
orientation films 9 and 10 have been subjected to orientation 
treatments by rubbing, and their orientation treatment directions 
are aligned when the substrates 1 and 2 are bonded to each other. 
[0061] The spacers 8 are disposed in regions between the electrodes 
3... and also regions onto which the regions are thrown vertically to 
the surface of the substrate 1 continuously like a wall extending in 
parallel with the electrodes 3. The position to arrange the spacers 
8... is not restricted to the above-mentioned position; however, in 
order to maintain the display grade, it is preferable to arrange 
them outside the region above the electrodes 3... which are 
components of the pixels. Used as the material of the spacers 8 
are photo curing resins such as photosensitive polyimide and a 
photosensitive acrylic resin, organic resins such as polyimide and 
an acrylic resin, and metals such as Cr, Mo, and Al. 
[0062] In addition, the spacers 8... are optically anisotropic, and 
extinct under cross Nicol. For the spacers 8 to extinct under cross 
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Nicol, it is necessary that the spacers 8... are made from a material 
having no anisotropy in refractive index, and that there is no liquid 
crystal between the orientation films 9 and 10 at the top portions of 
the spacers 8.... 

[0063] The orientation film 9 is stacked so as to coat the surfaces of 
the spacers 8... and the surface of the insulator film 6 between the 
spacers 8.... 

[0064] An electrode substrate 11 is formed by arranging the 
substrate 1, the electrodes 3..., the light-shielding members 5..., 
the insulator film 6, the spacers 8..., and the orientation film 9. 
Similarly, an electrode substrate 12 is formed by arranging the 
substrate 2, the electrodes 4..., the shielding members, the 
insulator film 7, and the orientation film 10. 

[0065] The electrode substrates 11 and 12 are bonded to each other 
by applying a sealing member at the outer regions thereof, and 
liquid crystal is filled into the gap so as to form a liquid crystal 
layer 13. The electrode substrates 11 and 12 are also bonded to 
each other by bonding each top portion of the orientation film 9 
having a number of projected portions to the orientation film 10, so 
as to make the bondage stronger. 

[0066] When the outer regions of the electrode substrates 11 and 12 
are well sealed by the bondage of the orientation films 9 and 10 via 
the spacers 8..., there is no need to bond the electrode substrates 11 
and 12 by a sealing member. 

[0067] As the liquid crystal composing the liquid crystal layer 13, a 
ferroelectric liquid crystal composite is used. The use of the 
ferroelectric liquid crystal, which has the excellent property of 
high-speed response and high memory performance, can realize 
display of a large capacity and high definition. 

[0068] Although it is not shown in Figure 6, in the electrode 
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substrates 11 and 12, polarizer plates are formed on the surfaces 
containing no electrodes 3... or 4.... The polarizer plates are so 
arranged that their polarizing axes cross each other at right angles 
(cross Nicol). 

[0069] The first liquid crystal cell thus structured is manufactured 
in the following procedure. 

[0070] First of all, an about 100 nnrthick film is formed on the 
surface of the substrate 1 by using a metal such as molybdenum 
(Mo) or a non-transparent organic resin, and this film is patterned 
by photolithography. Consequently, as shown in Figure 7(a), 
light -shielding members 5... are formed in a predetermined pattern. 
When the light-shielding members 5... are unnecessary, this 
process is omitted. 

[00711 Then, an about 100 nmthick ITO is formed thereon by 
spattering and then patterned by photolithography. As a result, 
as shown in Figure 7(b), the electrodes 3... are formed in a manner 
that the light-shielding members 5,5 are arranged along both sides 
of each electrode 3. 

[0072] On this, Si02 is applied by spin coating, and the insulator 
film 6 having a flat surface is formed as shown in Figure 7(c). 
When the insulator film 6 is unnecessary, this process is omitted. 
Alternatively, this process can be done after the formation of the 
spacers 8... which will be described below. 

[0073] Next, on the insulator film 6, a negative photosensitive resin 
such as OMR-83 manufactured by Tokyo Ohka Kogyo Co., Ltd: is 
applied by spin coating so as to be 1.5pm thick after burning. The 
above-mentioned regions on the photosensitive resin where the 
spacers 8... are supposed to be formed are radiated with an 
ultraviolet ray via a photo mask so as to eliminate an unexposed 
portion, and thereafter, a main burning is conducted for 30 minutes 
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at about 145°C. As a result, as shown in Figure 7(d), the spacers 
8... of the same height are formed. 

[0074] Furthermore, PSPA-2101 (polyamide carboxylic acid) 
manufactured by Chisso Corporation is applied as thick as 50 nm, 
and a tentative burning is conducted for one hour at about 180°C, 
and thereafter, a rubbing treatment is applied to the surface. As a 
result, the orientation film 9 is formed as shown in Figure 7(e). 
[0075] The electrode substrate 11 is produced as described above. 
The electrode substrate 12 is produced in the same manner as the 
electrode substrate 11 except for the process of forming the spacers 
8.... To be more specific, the electrodes 4..., the light-shielding 
members, and the insulator film 7 are formed in sequence in the 
same procedure as that of Figure 7(a)-(c), and the orientation film 
10 is formed on this insulator film 7 by the same process as that 
shown in Figure 7(e). 

[0076] The electrode substrates 11 and 12 thus produced are 
disposed to face each other in a manner that the direction of 
rubbing applied to the orientation films 9 and 10 are aligned, and 
then a pressure of 0.6 kgf/cm 2 is applied for one hour at about 
200°C so as to make the orientation films 9 and 10 be bonded to 
each other. Liquid crystal is injected between the electrode 
substrates 11 and 12 in the longitudinal direction of the spacers 8... 
to form the liquid crystal layer 13, and then polarized plates are 
formed to complete the liquid crystal cell. 

[0077] In this case, the spacers 8... are provided exclusively on the 
electrode substrate Hi however, the present invention is not 
restricted to this structure. For example, it is possible that the 
necessary spacers 8... are provided dividedly on both the electrode 
substrates 11 and 12, and the orientation film formed on the 
spacers of one of the electrode substrates is bonded to the regions of 
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the orientation film that have no spacer on the other electrode 
substrate, thereby bonding the electrode substrates 11 and 12 to 
each other. 

[0078] [the second liquid crystal cell] As shown in Figure 8, the 
second liquid crystal cell comprises electrode substrates 21 and 12, 
which are bonded to each other, and a liquid crystal layer 13 is 
formed therebetween. The electrode substrate 21 is formed by 
adding an adhesive layer 22 to the electrode substrate 11 of the 
first liquid crystal cell. The adhesive layer 22 is formed on each 
top portion of the orientation film 9, and the electrode substrates 
21 and 12 are bonded to each other by this adhesive layer 22. 
[0079] The second liquid crystal cell is manufactured in the 
following procedure. 

[0080] First of all, in the processes shown in Figures 7(a) to (e), an 
electrode substrate having the same composition as the electrode 
substrate 11 is produced. Then, an adhesive agent is transferred 
to each top portion of the orientation film 9 by a stamp method, a 
film transfer method, or the like to form the adhesive layer 22. 
Used as the adhesive agent here can be an epoxy resin, a 
thermoplastic resin, or the like. 

[0081] While the electrode substrate 21 is produced in this manner, 
the electrode substrate 12 is produced in the same manner as the 
electrode substrate 12 of the first liquid crystal cell. Then, these 
electrode substrates 21 and 12 are disposed to face each other in a 
manner that the directions of rubbing applied to the orientation 
films 9 and 10 are aligned, and then a pressure of 0.6 kgf/cm 2 is 
applied for an hour at room temperature so as to bond the adhesive 
layer 22 and the orientation film 10. Liquid crystal is injected 
between the electrode substrates 21 and 12 in the longitudinal 
direction of the spacers 8... to form the liquid crystal layer 13, and 
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then polarized plates are formed to complete the liquid crystal cell. 
[0082] [the third liquid crystal cell] As shown in Figure 9, the third 
liquid crystal cell comprises electrode substrates 31 and 12, which 
are bonded to each other, and a liquid crystal layer 13 is formed 
therebetween. The electrode substrate 31 is provided with an 
orientation film 32 formed on the insulator film 6 to have a flat 
surface like the orientation film 10 of the electrode substrate 12. 
The spacers 8... of the electrode substrate 31 are disposed in 
regions between the electrodes 3... and also regions onto which the 
regions are thrown vertically to the surface of the substrate 1. 
The electrode substrates 31 and 12 are bonded to each other by the 
spacers 8.... 

[0083] The third liquid crystal cell thus structured is manufactured 
by the following procedure. 

[0084] First of all, according to the processes shown in Figures 7(a) 
to (c), the electrodes 3..., the light-shielding members 5..., and the 
insulator film 6 are formed in this order on the substrate 1. Then, 
PSI A-2101 manufactured by Chisso Corporation is applied as thick 
as 50 nm, and a burning is conducted for one hour at about 200°C, 
and thereafter, a rubbing treatment is applied to the surface. As a 
result, the orientation film 32 having a flat surface is formed on the 
insulator film 6. The rubbing treatment could be done after the 
formation of the spacers 8.... 

[0085] Next, on the orientation film 32, a negative photosensitive 
resin such as OMR-83 manufactured by Tokyo Ohka Kogyo Co., Ltd. 
is applied by spin coating so as to be l.Sjim thick after burning. 
The above-mentioned regions on the photosensitive resin where the 
spacers 8... are supposed to be formed are radiated with an 
ultraviolet ray via a photo mask so as to eliminate an unexposed 
portion, and thereafter, a main burning is conducted for 30 minutes 
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at about 145°C. As a result, as shown in Figure 9, the spacers 8... 
are formed on the orientation film 32. 

[0086] The electrode substrate 31 is produced as described above. 
The electrode substrate 12 is produced in the same manner as the 
electrode substrate 12 of the first liquid crystal cell. Then, the 
electrode substrates 31 and 12 are disposed to face each other in a 
manner that the direction of rubbing applied to the orientation 
films 32 and 10 are aligned, and then a pressure of 0.6 kgf/cm 2 is 
applied for one hour at about 200°C so as to make the spacers 8... 
and the orientation film 10 be bonded to each other. At this 
moment, properly selecting the requirements for bondage 
(temperature and pressure) can improve the bondage strength of 
the electrode substrates 31 and 12 to some extent, regardless of the 
material of the spacers 8.... 

[0087} Liquid crystal is injected between the electrode substrates 
31 and 12 in the longitudinal direction of the spacers 8... so as to 
form the liquid crystal layer 13, and then polarized plates are 
formed to complete the liquid crystal cell. 

[0088] As described hereinbefore, the spacers 8... in the first to 
third liquid crystal cells are firmly bonded to the orientation film 
10 in the electrode substrate 2 either directly or via the orientation 
film 9 or the adhesive layer 22 as apparent from Figures 6, 8, and 9, 
respectively. Therefore, the injection of the liquid crystal is 
controlled by the spacers 8... to proceed in a fixed direction. As a 
result, the angle formed by the injection direction and the rubbing 
direction is the same for all the pixels, which realizes a good 
display grade. 

[0089] The spacers 8... shaped like a wall are disposed between the 
electrode substrate 11, 21, or 31 and the electrode substrate 12, 
which makes it possible to maintain the distance between the 
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opposing electrode substrates uniformly, and to improve impact 
resistance. 

[0090] The spacers, which are optically anisotropic, extinct under 
cross Nicol. Since the spacers function as black matrix in this 
manner, they shield light between the electrodes 3. ..in regions 
outside the pixel regions. Hence, a contrast can be improved. 
[0091] The first to third liquid crystal cells, which are constructed 
as mentioned above, have the following advantages respectively. 
[0092] In the first liquid crystal cell, which is manufactured by 
conducting the process of forming the orientation film 9 after the 
formation of the spacers 8..., the formation of the spacers does not 
cause contamination, a change in quality, or a breakage on the 
orientation film 9, thereby realizing uniform orientation. In the 
second liquid crystal cell, the presence of the adhesion layer 22 
enables the electrode substrates 21 and 12 to be bonded to each 
other at higher adhesion strength than in the first liquid crystal 
cell. Furthermore, when the adhesion strength between the 
orientation films is low, the spacers 8... and the orientation films 
32 and 10 can be bonded so as to bond the electrode substrates 31 
and 12 in high strength. 

[0093] [liquid crystal injection] A method of injecting liquid crystal 
in the first to third liquid crystal cells and the spacer structure 
suitable for this injection method will be described as follows. In 
the following description, as the electrode substrate having the 
spacers 8..., the electrode substrate 11 of the first liquid crystal cell 
is used for the sake of convenience. 

[0094] In the liquid crystal cell shown in Figure l(a), the electrode 
substrates 11 and 12 are rectangular and the respective long sides 
oppose orthogonally. The spacers 8... are formed to be stripe in 
parallel with the long sides of the electrode substrate 11. 



26 



[0095] The display region 42 of the present liquid crystal cell is 
formed inside the region where the electrode substrates 11 and 12 
oppose each other, that is, where the liquid crystal is injected. As 
shown in Figure l(a) or Figure 2(a), between the electrode 
substrates 11 and 12, the spacers 8... are disposed at least in the 
display region 42 to keep a fixed distance. 

[0096] In this liquid crystal cell, an injection port 41 is provided 
along the edge of a long side of the electrode substrate 12 so that 
the liquid crystal can be injected from the edge of a short side of the 
electrode substrate 11. The injection port 41 is formed to have a 
width di which is equal to or longer than the width d2 of the display 
region 42 in the direction orthogonal to the longitudinal direction 
of the spacers 8.... 

[0097] In this liquid crystal cell, the liquid crystal is injected in the 
longitude direction of the spacers 8... through the injection port 41, 
and the injection direction is aligned to the rubbing direction. 
Since the liquid crystal is injected in the longitudinal direction of 
the spacers 8... in this manner, the injection direction becomes 
uniform in all the pixels, making it possible to align the liquid 
crystal uniformly. 

[00981 Since the region in which the liquid crystal is injected is 
divided into a number of long and narrow regions by the spacers 8..., 
the liquid crystal enters rapidly into each divided region by the 
capillary phenomenon, finishing the injection within a short time. 
Consequently, the liquid crystal composite is prevented from being 
placed under a reduced pressure for long hours at the time of 
injection under a reduced pressure, thereby suppressing changes in 
the composition of the liquid crystal composite. In addition, since 
the injection proceeds evenly between the long and narrow regions, 
the liquid crystal can be spread into the entire region to be 
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injected. 

[0099] For example, when the ferroelectric liquid crystal composite 
(SCE8) manufactured by Merck & Co. was used as the liquid crystal 
to be injected in the above-mentioned liquid crystal cell, as shown 
in Figure l(b) and (c), it was observed that the liquid crystal 43 is 
injected in the longitudinal direction of the spacers 8... without 
being disturbed by the spacers 8.... 

[0100] It was also observed that the injection had proceeded evenly 
between adjacent spacers 8, 8. This results from the fact that 
making the width di of the injection port 41 equal to or longer than 
the width d2 of the display region 42 causes no difference in the 
time required for the liquid crystal 43 to travel from the injection 
port 41 to each spacer 8. Therefore, the injection was performed 
efficiently in a short time without causing any trouble. 
Furthermore, since the liquid crystal 43 travels from the injection 
port 41 to each spacer 8 in equal amounts, the spacers 8... can be 
disposed not away from the injection port 41. Consequently, the 
impact resistance of the liquid crystal cell can be improved in the 
vicinity of the injection port 41. 

[0101] The above-described liquid crystal cell was formed in the 
size of 150 mm x 150 mm, and injection was conducted into this 
liquid crystal cell to find that it took two hours. The cell gap did 
not show any change before and after the injection, and the 
uniformity was 1.5 ± 0.2pm after the injection. When this liquid 
crystal cell was subjected to a pressure of 2 kgf/cm 2 , there was no 
occurrence of orientation defects. 

[0102] In addition, the electrode substrates 11 and 12 are bonded to 
each other with a uniform distance therebetween by the wall-like 
spacers 8.... This makes the distance (cell gap) be uniformed at a 
higher precision than the prior art, and the electrode substrates 11 
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and 12 be bonded to each other firmly. Consequently, the impact 
resistance can be improved, and orientation is not damaged even 
with the use of a ferroelectric liquid crystal vulnerable to impact. 
[0103] From the view point of excellent orientation, the angle 
formed between the injection direction and the rubbing direction is 
preferably either 0 degree (the same direction) or 180 degrees 
(opposite direction) as in the liquid crystal cells of Figure 1(a) or 
Figure 2 (a). In contrast, in the liquid crystal cell shown in Figure 
2(b), the angle which the injection direction forms with the rubbing 
direction is 45°. When the injection direction and the rubbing 
direction are not in parallel with each other like this, orientation 
defects are likely to occur. Therefore, the liquid crystal cells 
shown in Figures 1(a) and 2(a) have better orientation than the 
liquid crystal cell shown in Figure 2(b). 

[0104] Liquid crystal cells having other structures will be described 
as follows. 

[0105] For example, in the liquid crystal cell shown in Figure 3, the 
spacers 8... are so formed as to enclose three sides excluding the 
injection port 41 side. In this structure, an injection by a 
reduced-pressure injection method causes a pressure difference 
between the injection port 41 side and the opposite side, which 
accelerates the injection. The use of the reduced-pressure 
injection method causes no residual bubbles and eliminates regions 
in which injection is poorly done, thereby obtaining an excellent 
display grade. In contrast, in the structure of the spacers 8... of 
the liquid crystal cell shown in Figure l(a), when the three sides 
are enclosed, for example, by applying a sealing agent or a sealant 
at the edges of the spacers 8... on the side far from the injection 
port 41, the injection time can be shortened as well by the pressure 
difference. 
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[0106] In the liquid crystal cells shown in Figure 4(a) and 4(b), the 
spacers 8... are formed to be stripe even outside the display region 
42. To be more specific, in the liquid crystal cell shown in Figure 
4(a), the spacers 8... are formed to have the same length as the 
short sides of the electrode substrate 12 and to be within the 
electrode substrate 12. On the other hand, in the liquid crystal 
cell shown in Figure 4(b), the spacers 8... have a larger length than 
the short sides of the electrode substrate 12 and their both ends are 
slightly out from the electrode substrate 12. As a result, not only 
in the display region 42 but also in the entire region with the 
injected liquid crystal, the cell gap is uniformed and high impact 
resistance appears. As a result, an excellent display grade can be 
obtained. 

[0107] In the liquid crystal cell shown in Figure 5, the spacers 8... 
are so disposed as to avoid the pixel regions, that is, the regions in 
which the electrodes 3... and the electrodes 4... cross each other. 
This eliminates the possibility of a decrease in penetration of the 
pixel regions due to the spacers 8..., thereby maintaining the 
display grade. 

[0108] [Comparative Example l] As a comparative example for the 
liquid crystal cell of the present embodiment, the liquid crystal cell 
shown in Figure 11 was produced. 

[0109] In the manufacture of this liquid crystal cell, spherical 
spacers 63... were dispersed on the orientation film 56, and the 
electrode substrates 60 and 61 are bonded by the sealing material 
62. In the liquid crystal cell thus manufactured, as shown in 
Figure 12(b), the liquid crystal 65, which was injected through 
injection ports, fanned out between the electrode substrates 60 and 
61. As a result, the angle formed by the injection direction and 
the rubbing direction varies from pixel to pixel. In addition, 
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non-injected regions 67, 67 where the liquid crystal 65 was not 
filled were found. 

[0110] The above-described liquid crystal cell was formed in the 
size of 150 mm x 150 mm, and injection was conducted into this 
liquid crystal cell to find that it took five hours. The cell gap 
changed greatly before and after the injection, and the uniformity 
was 1.5 ± 0.5pm after the injection. When this liquid crystal cell 
was subjected to a pressure of 0.5 kgf/cm 2 , orientation defects 
occurred. 

[OlllHComparative Example 2] In this comparative example, as 
shown in Figures 10(a) and (b), liquid crystal cells were formed to 
have spacers 8... arranged in different directions from the liquid 
crystal cell shown in Figure l(a). In the liquid crystal cell shown 
in Figure 10(a), the longitudinal direction of the spacers 8... is 
tilted with respect to the rubbing direction, and in the liquid 
crystal cell shown in Figure 10(b), the longitudinal direction of the 
spacers 8... is orthogonal to the rubbing direction. In these liquid 
crystal cells, when the liquid crystal 41 was injected from the same 
direction as the rubbing direction, smooth injection of the liquid 
crystal was disturbed by the spacers 8..., and as a result, non 
injection regions 44... not filled with the liquid crystal 43 appeared. 
[0112] As described hereinbefore, it has turned out that the liquid 
crystal cell of the embodiment is superior to the liquid crystal cells 
manufactured by the prior art methods in orientability, uniformity 
of the cell gap, and impact resistance. 
[0113] 

[EFFECTS OF THE INVENTION] As described above, in the liquid 
crystal display element described in claim 1 of the present 
invention, a plurality of wall-like spacers having the same height 
are formed on at least one of the pair substrates in such a manner 
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as to be nearly in parallel with the liquid crystal injection 
direction. 

[0114] Consequently, in the manufacture of this liquid crystal 
display element, when the liquid crystal is injected between the 
substrates in order to form the liquid crystal layer, the injection 
direction can be controlled by the direction for the spacers to be 
formed. As a result, the angle formed by the injection direction and 
the orientation treatment direction becomes the same for all the 
pixels, which realizes uniform orientation. In addition, the 
presence of the spacers enables the cell gap to be kept even before 
and after the liquid crystal injection, and the impact resistance to 
be improved. Since the liquid crystal goes into between all the 
spacers evenly, no region is left without being filled with the liquid 
crystal. The rapid travel of the liquid crystal into a number of 
long and narrow regions formed by the spacers can shorten the 
injection time. As a result, it becomes possible to suppress 
changes in composition of the liquid crystal composite, which 
becomes an issue in injecting under a reduced pressure. 
[0115] Thus, controlling the injection direction by the spacers has 
the effect of providing a highly reliable liquid crystal display 
element. 

[0116] The liquid crystal display element described in claim 2 of the 
present invention is, in the liquid crystal display element of claim 1, 
the liquid crystal layer is formed by injecting the liquid crystal in a 
direction either the same as or opposite to the direction for 
orientation treatments of the orientation control layers. 
[0117] Consequently, the liquid crystal can be injected under the 
optimum condition where the angle formed by the injection 
direction and the orientation treatment direction is the same for all 
the pixels, which further improves orientation uniformity. Hence, 
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in addition to the effects provided by the liquid crystal display 
element of claim 1, there is the effect of further improving the 
display grade. 

[0118] The liquid crystal display element described in claim 3 of the 
present invention is, in the liquid crystal display element of claim 1, 
the spacers are disposed in regions between the electrodes on the 
same substrate and also regions onto which the regions are thrown 
vertically to the surface of the substrate and the spacers have an 
optical isotropy. 

[0119] Thus, the spacers are formed outside the pixel regions, and 
therefore, there are no such problems as orientation detects caused 
in the vicinity of the spacers, unevenness in switching of liquid 
crystal molecules, and a decrease in open area ratio. The spacers, 
which are optically anisotropic, extinct under cross Nicol to 
function as black matrix. Hence, in addition to the effects 
provided by the liquid crystal display element of claim 1, there is 
the effect of improving contrast by the spacers shielding the regions 
other than the pixel regions. 

[0120] The liquid crystal display element described in claim 4 of the 
present invention is, in the liquid crystal display element of claim 1, 
the injection port through which the liquid crystal is injected is 
formed to have a width the same as or larger than the width of a 
display region with respect to the width direction of the spacers. 
[0121] Since the liquid crystal travels from the injection ports to 
each spacer evenly, the spacers can be formed without setting a 
difference in distance from the injection ports. In addition, the 
injection ports are wide enough to inject the liquid crystal within a 
short time. Hence, in addition to the effects provided by the liquid 
crystal display element of claim 1, there is the effects of improving 
the uniformity and impact resistance of the cell gap in the vicinity 
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of the injection ports, and of accelerating the time required for 
injection. 

[0122] The liquid crystal display element described in claim 5 of the 
present invention is, in the liquid crystal display element of claim 1, 
the spacers are made from a photo curing resin. 
[0123] Making the spacers from a photo curing resin makes the 
resist film unnecessary. Hence, in addition to the effects provided 
by the liquid crystal display element of claim 1, there is the effect 
of simplifying the manufacturing process and reducing the 
manufacturing cost. 

[0124] The liquid crystal display element described in claim 6 of the 
present invention is, in the liquid crystal display element of claim 1, 
the orientation control layer on the substrate provided with the 
spacers is disposed in an upper position than the spacers and is 
directly bonded to the orientation control layer on the other 
substrate at the tops of the spacers, and this bondage makes the 
pair substrates be bonded to each other. 

[0125] Thus, the substrates are bonded to each other by the direct 
bondage of the orientation control layers, that is, layers made of 
the same material, and so it becomes possible to avoid bondage 
failure caused by bonding layers made from different materials. 
In addition, since the orientation control layers are formed after 
the formation of the spacers, the formation of the spacers does not 
damage the orientation control layers such as contamination, a 
change in quality, or a breakage. Furthermore, only the 
orientation control layers have to be bonded to each other in a 
softened state and so the spacers do not have to be softened. 
Hence, in addition to the effects provided by the liquid crystal 
display element of claim 1, there is the effect of properly 
maintaining the adhesion of the substrates, the orientation of the 
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orientation control layers, and the uniformity and impact 
resistance of the cell gap in the manufacturing process. 
[0126] The liquid crystal display element described in claim 7 of the 
present invention is, in the liquid crystal display element of claim 1, 
the orientation control layer on the substrate provided with the 
spacers is disposed in an upper position than the spacers and is 
bonded to the orientation control layer on the other substrate via 
an adhesive layer at the tops of the spacers, and this bondage 
makes the pair substrates be bonded to each other. 
[0127] This structure makes it unnecessary to soften the 
orientation control layers because the orientation control layers are 
bonded to each other via the adhesion layer. Consequently, the 
orientation effects of the orientation control layers are never lost. 
In addition, similar to the liquid crystal display element of claim 6, 
there is no need of softening the spacers in bonding the orientation 
control layers to each other. Hence, in addition to the effects 
provided by the liquid crystal display element of claim 1, there is 
the effect of properly maintaining the orienting effects of the 
orientation control layers, and the uniformity and impact 
resistance of the cell gap in the manufacturing process. 
[0128] The liquid crystal display element described in claim 8 of the 
present invention is, in the liquid crystal display element of claim 1, 
the spacers are disposed in an upper position than the orientation 
control layer on one substrate and are bonded to the orientation 
control layer on the other substrate at their tops, and this bondage 
makes the pair substrates be bonded to each other. 
[0129] This structure enables to improve the adhesion strength of 
the orientation control layers even when they are made from 
soluble polyimide. Hence, in addition to the effects provided by 
the liquid crystal display element of claim 1, there is the effect of 
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properly maintaining the uniformity and impact resistance of the 
cell gap at a high level, regardless of the material of the orientation 
control layers. 

[0130] The liquid crystal display element described in claim 9 of the 
present invention is, in the liquid crystal display element of claim 1, 
the liquid crystal is a ferroelectric liquid crystal, and so even with 
the use of a ferroelectric liquid crystal vulnerable to impact, the 
orientation of the ferroelectric liquid crystal is not damaged by 
impact. Therefore, it becomes possible to make use of the 
excellent properties of the ferroelectric liquid crystal, which easily 
realizes display of a large capacity and high definition. 
[0131] The method of manufacturing a liquid crystal display 
element described in claim 10 of the present invention comprises^ a 
first step of forming a plurality of wall-like spacers having a 
uniform height on at least one of the pair substrates? a second step 
of bonding the pair substrates via the spacers; and a third step of 
injecting the liquid crystal between the pair substrates in the 
longitudinal direction of the spacers. 

[0132] In this structure, since the spacers are disposed to be in 
parallel with the electrodes, the direction to inject the liquid 
crystal is fixedly controlled by the spacers. This makes the angle 
formed by the injection direction and the rubbing direction the 
same for all the pixels, thereby realizing uniform orientation. The 
presence of the spacers can keep the cell gap uniform before and 
after the liquid crystal injection, and improve the impact resistance. 
Because of the injection proceeding evenly and rapidly in the 
numeral long and narrow regions formed by the spacers, no region 
is left without being filled with the liquid crystal, and the injection 
time can be shortened. This shortened injection time also makes 
possible to suppress changes in composition of the liquid crystal 



36 



composite, which becomes an issue in injecting under a reduced 
pressure. 

[0133] Controlling the injection direction by the spacers brings 
about the effect of providing a highly reliable liquid crystal display 
element. 

[0134] According to the method of manufacturing a liquid crystal 
display element described in claim 11, in the method of claim 10, 
the third step involves injecting the liquid crystal in a direction 
either the same as or opposite to the direction for orientation 
treatments of the orientation control layers. 

[0135] Consequently, the liquid crystal can be injected under the 
optimum condition where the angle formed by the injection 
direction and the orientation treatment direction is the same for all 
the pixels, which further improves orientation uniformity. Hence, 
in addition to the effects provided by the method of manufacturing 
a liquid crystal display element of claim 10, there is the effect of 
further improving the display grade. 

[0136] According to the method of manufacturing a liquid crystal 
display element described in claim 12, in the method of claim 10, 
the first step involves making the spacers from a photo curing resin, 
which makes it unnecessary to use the resist film that is needed 
when the spacers are made from an organic or inorganic material. 
Hence, in addition to the effects provided by the method of 
manufacturing a liquid crystal display element of claim 10, there is 
the effect of simplifying the manufacture process and reducing the 
manufacturing cost. 

[0137] According to the method of manufacturing a liquid crystal 
display element described in claim 13, in the method of claim 10, 
the first step contains a process of forming orientation control 
layers so as to cover not only the substrates but also the spacers on 
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the substrate having the spacers, and the second step involves 
bonding the portions of the orientation control layer that are on the 
tops of the spacers on one of the substrates directly to the 
orientation control layer on the other substrate, thereby bonding 
the pair substrates to each other. 

[0138] Thus, the substrates are bonded to each other by the direct 
bondage of the orientation control layers, that is, layers made of 
the same material, and so it becomes possible to avoid bondage 
failure caused by bonding layers made from different materials. 
In addition, since the orientation control layers are formed after 
the formation of the spacers, the formation of the spacers does not 
damage the orientation control layers such as contamination, a 
change in quality, or a breakage. Furthermore, only the 
orientation control layers have to be bonded to each other in a 
softened state and so the spacers do not have to be softened 
completely. Hence, in addition to the effects provided by the 
method of manufacturing a liquid crystal display element of claim 
10, there is the effect of properly maintaining the adhesion of the 
substrates, the orientation of the orientation control layers, and 
the uniformity and impact resistance of the cell gap in the 
manufacturing process. 

[0139] According to the method of manufacturing a liquid crystal 
display element described in claim 14, in the method of claim 10, 
the first step contains a process of forming orientation control 
layers so as to cover not only the substrates but also the spacers on 
the substrate having the spacers, and a process of forming an 
adhesion layer at the portions of the orientation control layer 
covering the spacers that are on the tops of the spacers, and the 
second step involves bonding the orientation control layers via the 
adhesion layer, thereby bonding the pair substrates to each other. 
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[0140] This structure makes it unnecessary to soften the 
orientation control layers because the orientation control layers are 
bonded to each other via the adhesion layer. In addition, similar 
to the manufacture method of claim 13, the orientation control 
layer can be bonded in the state where the spacers are hardened. 
Hence, in addition to the effects provided by the method of 
manufacturing a liquid crystal display element of claim 10, there is 
the effect of properly maintaining the orientation of the liquid 
crystal, and the uniformity and impact resistance of the cell gap in 
the manufacturing process. 

[0141] According to the method of manufacturing a liquid crystal 
display element described in claim 15, in the method of claim 10, 
the first step contains a process of forming orientation control 
layers so as to cover the substrates, and the spacers are formed on 
the orientation control layers, and the second step involves bonding 
the tops of the spacers to the opposing orientation control layers, 
thereby bonding the pair substrates to each other. Since the 
spacers are bonded to the orientation control layers, the adhesion 
strength can be increased compared with the bondage between the 
orientation control layers made from soluble polyimide. Hence, in 
addition to the effects provided by the method of manufacturing a 
liquid crystal display element of claim 10, there is the effect of 
properly maintaining the uniformity and impact resistance of the 
cell gap at a high level, regardless of the material of the orientation 
control layers. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIGURE 1] Plan views showing the rough structure of the liquid 
crystal cell of an embodiment of the present invention and the 
injection of liquid crystal in this liquid crystal cell. 
[FIGURE 2] Plan views showing the structure of another liquid 
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crystal cell of the embodiment of the present invention. 

[FIGURE 3] Apian view showing the structure of the liquid crystal 

cell in which three sides are enclosed by spacers. 

[FIGURE 4] Plan views showing the structure of the liquid crystal 

cell having long spacers. 

[FIGURE 5] Apian view showing the structure of the liquid crystal 
cell in which spacers are disposed outside the pixel regions. 
[FIGURE 6] A cross sectional view showing the detailed structure 
of the first liquid crystal cell of the embodiment of the present 
invention. 

[FIGURE 7] Cross sectional views showing each process in the 
manufacture of the first liquid crystal cell. 

[FIGURE 8] A cross sectional view showing the detailed structure 
of the second liquid crystal cell of the embodiment of the present 
invention. 

[FIGURE 9] A cross sectional view showing the detailed structure 
of the third liquid crystal cell of the embodiment of the present 
invention. 

[FIGURE 10] Plan views showing the liquid crystal cell of 
Comparative Example after the liquid crystal injection. 
[FIGURE 11] A cross sectional view showing the detailed structure 
of the prior art liquid crystal cell. 

[FIGURE 12] Plan views showing the liquid crystal injection of the 

prior art liquid crystal cell. 

[EXPLANATION OF REFERENCE NUMBERS] 

1, 2 substrate 

3, 4 electrode 

8 spacer 

9, 10, 32 orientation film (orientation control layer) 
13 liquid crystal layer 



40 



22 adhesive layer 

41 injection port 

42 display region 

43 liquid crystal 

FIGURES 1,2,3,4,5,10 

[Si injection direction 
^7 tT y 915 [Si rubbing direction 



(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 10161135 A 

(43) Date of publication of application: 19 . 06 . 98 



(51) mtci Q02F 1/1339 
G02F 1/1341 




(21) Application number: 08318313 


(71) Applicant: 


SHARP CORP UK GOVERNMENT 


(22) Date of filing: 28 . 11 .96 


(72) Inventor: 


TAMAI KAZUHIKO 
UCHIDA HIDEKI 
SHIGETA MITSUHIRO 
SANEYOSHI HIDEJI 


(54) LIQUID CRYSTAL DISPLAY ELEMENT AND ITS 


formed. 







PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To embody a good display 
grade, shortening of injection time, uniformity of 
intersubstrate spacings and high impact resistance. 

SOLUTION: Electrode, substrates 11, 12 are 
manufactured by forming striped electrodes and oriented 
films subjected to orientation treatments (rubbing) on 
transparent substrates. This electrode substrate 11 has 
striped and wall-like spacers 8... formed in parallel 
with the electrodes. The electrode substrates 11, 12 are 
disposed and stuck to each other via the spacers 8 in 
such a manner that the electrodes disposed respective on 
the substrates intersect with each other. The liquid 
crystals are injected therebetween. At this time, the 
directions of injection are aligned to the longitudinal 
direction of the spacers 8. As a result, the angles 
formed by the injection direction and the rubbing 
directions are made the same with respect to the 
respective pixels and, therefore, the display grade is 
improved. In addition, the liquid crystals 43 are 
uniformly injected along the spacers 8 and, therefore, 
the injection is rapidly executed. Further, the spacing 
between the electrode substrates 11, 12 is kept uniform 
by the spacers 8 and the structure strong to impact is 
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[0 0 7 0] *1\ S^lO^ffilC^y^x^ (Mo) 

4^<o^Ji*fcli^SW*#»l»liB(-«t l o o n 

J;otA7^^Y5o ^^-^"9, 0 7 (a) iC^ 

[00 7 1]^ ^/<y^y^^)5fe^J:!J 
1 0 0 n m^O I TOWU Ztl%7* h y 
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7 (b) ci^jct- j; 2 d N &mm3<DW\Mfc®-or&yt# 

[0 0 7 2] ^fc, Z<D±\Z^ Si0 2 Sr^f^=x-h 
«fcfc:J:?>»*U m7 (c) fc**1-J:5fc* TO**® 

[0 0 7 3] jj^T. »tiW6±{!: % «*tf;SMu&[fcx 

•C-C3 0»©*«fiR*ff5o ^<t^ ^7 (d) tn 

[0 0 7 4] ^^VtfcKOPS I -A- 2 1 0 

1 WUTS K^/vtfyBQ £5 0nmOJ®pi£&£cfc 
5fc»#U »18 O'C-ClttBB^fiftrtarffofc*. 
SffiUl^^V^teSSrJfc-t-, ^7 (e) \Z.^ 20 

[0 0 7 5] flM&fil ltt, &±©*5fcLTft3Ri* 

ft*. m«£Ki2&, 7^f8-«xi 

Wtett. *E2©±(^ 07 (a) fcV^L (c) OI§ 

7*JH»:^rtU £<0»t«7$>±lcH7 (e) <oii 

[00 7 6] ^(Dj;9iCLTf£M£ft/c«£&Kl 1 * 
1 2 Sr. SEIp1J^9 - 1 QfcMZtitcytr^yjjfa&m— 30 
tt5J;9l-M$«, ^2 0 0ttim 0. 6 

kgf/cm 2 <DJE2j ^X^r^iCioT, Efail 9 
W • io*»*S«, tit, ffiSKi i • l 

(-Sea**-*— IT 8 -<D&ttfflz.&?crz rtlcj;i) 

[0 0 7 7] jfcts. rrTd:. m&S&i llco**^ 

ft5*'<-lJ-8"-&«i£«l 1 • 1 2 L 40 

l 2&BSD^b£Tt5 *v\» 

[0 0 7 8] 2 ©jftfi-fe/W » 2 (Ojftfi-fe^tt, 0 

8 1^1" £ 5^, CS&K2 1 • 1 2&ff*., Ztlbtf 
ttU'&feSft, t«WiH3«^^o 

£& 1 1 2 2 aHW0£ftT^3„ 2 2 
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2fc,£!9®K£tt2 1 • 1 2ri*&i9<&;b£ftTV^ 0 
[0 0 7 9]^2 <D*ifrfe/Mi, KT J; 9 f^S 

£ft£o 

[0 0 8 0] £1\ B7 (a) fcl^L (e) IC^xm 
J: •? , l l 4: H 

[0 0 8 l]lliSfi2Ul Z.<D£?\cLXftgk£tl 
tfS«KS«i 2fcH«fcLTffR;*ft5« -ft 

&(oattS£2 1* i2* % giriK9 • i o^m^ntc 

l$KL 0. 6 k g f /cm 2 (DJE^Sr^n^5Ctic:<J:o 
t\ *#li2 2fcE|fi|Kl0fc«:»»S*5 o tLT, 
S^S«2 l • 1 2©miSWc:»ftSr^^— 9-8-©«¥ 

[00 8 2] ^ 3 ©**1r AO Sg 3 ©RfiiM'Bu B 

9(c^-r<t9^ mmm^Ls 1 • 1 2 ^bux., ^n^>^ 

&<?^;b£ft. ^:©TO«Iii3«Sttt^o 
TV>5o ««£K3 1H. IMMl6_blC % 1IIS12 
as#1-5EfiJ«l 0 fcH«fc3pffl|!i*rt;S*bfcESlBl3 
2&:frUCV^. «ttttfi3 l^*5tt5^-<-f-8-" 

««3-ora©«**5j;^©««Sr*«i©*B5 
fcSii[4*rtfc«jKL*:««^*5rtSElft*3 2±^« 

j*s*LTv^5, */c s mm&fos 1 • 1 2fa, 

8-{ci!?IS5'&t>*n-CV^« 
[0 0 8 3] ±m<D£5 \zMflL£tl&KS <D*^/V 

[00 84]*f, 87 (a) fc^L (c) tC^-f-Xg 
*R1±^ ««3- N a*#5- v MMUK6 

10 l$r5 0nmOKfftc^61:d(cft4]U 16.2 0 0 
[0 0 8 5] ^^V^T. E(r)JR3 2±(C, Wx.tf*3Kl6fk 

x*«©OMR- 8 335;i f (0*^a!«3fett»JIBSr, «EJ^ 
*)m$rt-Z>o tit, ±IB©«*tt»/IB^*3(tS, 

[0 0 8 6] «ffi««3 ltJ N KJkoJ;5I-LT^»$ 
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rti6>o«ttS«3 1 • 1 2$\ GAR 3 2 • i otcife 

2 0 0tT*lffl, 0. 6 k g f /cm 2 ©E^SrADx: 

r©fc*\ flS?)-&t>i3:*ft 0fi**5J:U!ffi*) Sr 

1\ «K£8E3 l • l 2<0«#»«Sr*se«Kie)5r 

10 0 8 7] ^UT\ «K&£3 1 • 1 2 0miRtcMcA 

8 •••©g^fatc&A^* - 1 tc J; 19 ffiAJf 10 

[0088] «±<o±5^ *iftv^L»3©«*-kyv 

9 36»bW6>A»4J:5«^ El6jR9<>U<(±«»«2 2S: 
frits *fcttl[«^«tt*«2^*J*t5Efp|JKl0i: 

[0 0 8 9] *«^3R«S*t*:^-*8» 

2 l*fctt3 lt««»«12fcOBBl!:* 

[0 0 9 0] £ P>ttl. 9-8-tt, 

W*«*K^<Z)»»J!i*5ft5»B3-»ra-c*Sr 

[0 0 9 1 ]" ITx *lfc^L»3©R*1r/Wi. M 
ftx.5o 

[0 0 9 2] ^l©fc§rtr/Wi. ^-<-f-8- -Sr*j*L 

£S Q ^2 0Mt^t±, «*/f 2 2£«t;iT^ 

«tf&K2 1 * 1 2^S«l<0*fi-fe/HCJt^X 40 

fc N x-<-f-8 - -i:ia^3 2 • l 0 fcSr«#$ii:5r 
t{c<fcD, IIM3 1 - 1 2&as»*-C»*-T6ri: 

[0093] [ttfiftA] -rr. «ria©»i^L* 
©RWT?tt. *^-^8--£#i^5««£«fcovvc 
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[0 0 9 4] HIl (a) 

1 1 • 1 2tt, **»8r4LT*5fJ, ^ft^tuofiisa* 

[00 9 5] **fi*/VO*^««4 2 Ht, m&&& 1 
1 • 1 2*S#|«i-5ffl«i-ftt>* ) *ftASttA$tt5fll* 
rtJC^fife^nTV^S. ^1 (a) *fcd:m2 (a) \Z.tf 

-Ti pt-s 1 • 1 2<DfH\z.^ />4< t>* 

^««4 2 ^t5V^T-S<OBBB8d s «»*H5 J: 5 l-*^ 
— *8-*SRtt?>tbTV^« 

[0 0 9 6] &fc N *tt*-kyH^f±. SK&K 11©- 
*©fiv^©«»«|d*6>»ft*5ttA*n5 J: 5 l-s m& 
&Kl 2©«V^*©«»fc»oT, &AP4 IfrWLttb 

tix^z>o sap 4 m, ^^<— f-8-©s^*ftme 

[0 0 9 7] iiS©***/^^ SEAP4 ld»6>^ 
-*8-©«^*SHt«o.x*ft8rftALT*s9, &A 

®*lcfcrt6&A*^-«fc){£i?, .m^J:or*ft 
[0 0 9 8] «a©ttA*tb«««635S^^-f-8 
I^JiO-^Mljt-ca^McjftJI^aiALTV^, fiWWC 

IE©*B«v^««WC»*l!:atffUTVK©^ **** 
jSs^tA^tbS^tflWE^XfciRfias&AStbSo 
[0 0 9 9] fclxtf. ±|B©*ft-fe/HcfifeA1"5**t 

LTj?«^^ttM©a»«tt*ftia*» (sces) %m 

V\fc»£\ mi (b) 1o£Xf (c) (C^i-Jiplc, »A 
4 3f±. ^^<— ^8-©*#*lft(2l}BoT«EA$*tTlr^ 

^^-^8 -^ASrPt^L^VNr^^li^^ix 

[0 10 0] ^fc, ^0^9^^— 1^8 • 8©P^^S« 
T*^A^-#lCii^TLrVN<^>t>®^$^ 0 rti 
tt, iiAP4 l©«di d5*^««4 2©<©d 2 irl^C 

^fctt^V^rir^J:'!?, ffiA4 3«AP4 i*»6># 
^^<— ^8Jc»i-5*-c©«FMIl!ftS»2fftv^»&*r*> 
5 0 ffi«?M-C«!i*J:<ttAdSfft>^ ^ofi 

ftAP4 lfrL>fymz&X'<-y-8\zm-fZ><DX\ ^A 
P4 lA^EHtSr^-f^^^— *8- -8:KfJ5r b& 
T*^^o ^ix^x, iAP4 i©«-i£{!:*5V^t)«**fe 

[0101] ±E(0fS^ir/U$: 1 5 OmmX 150 mm 
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ttA(c2#HSrKLfco ir^^y^tt&AfflftTfSMfc 

iiJL6ix1\ ^^-ttimttl. 5±0. 2/im 
-CfcofCo $ £>K. r«^t^2kgf/cm 2 t 

[0 10 2] Sfefcl, ««£Kl 1 * it^O* 

x^f- 8 •• -fc <£ o BBSrifto X£ i^tt t» £fc> 

ft* J; 9 t> S fefcK v^»«tf^-flit?# m 

l • l 2B±S:«H^a»**«wfcdST?* 10 

..tt.ftk^ _ ~ - 

[oio3] fe*5, fi#fceiRi0>j£*>e>. ttA*ftt7 

^^frftOfci-***** (HI (a) *fcttB2 (a) 

©*ft-fe/uoJ:"5l-, Off (PJ— #!*■]) £/cF*l8 0ff 
(jfi*Ifil) T*3£fc##*Ur\, rtU^LT* H2 

(b) ic^i-i&irfe/Km, aA*ift36S7trv^*iRii: 

^ff)5 J 4 5 0 XfcS* Z<D£?\^ &JJjfab?V 

V\ L/c^ot, @2 (b) t^iifc&lryHCJt^T, 
Hi (a) 33J:t5H2 (a) ©ttfitryWiifcttSElRl© 

[0 10 4] tt<D««©«fl^MCOVvCBWi 

[0 10 5] Bl 3 ^■r»*-fe/^-ctt, SAP 

&A£fT*kr> &AP4 iWk*:<OB[Mmh-e&l3mfr 

*fe8r«V^5«>-C, «Sj5 s *SiM\ ^o^AOT^^i 

»U Hi (a) ©jRft-kyUcjsJtS^^-f-S-o* 
fiKUs^T* *^<— i^8—(D&AP4 l3&»bair\£©S8 

Bip*5fcLTt>, ±iafcB«^£E*HSr^C**5r 

[0 10 6] H4 (a) ^J:^ (b) fc*HiSfi 

•k/vtftt. i^gfttU 2^^t>^ hy-f^m^^-V 

8-]jS»«^W5 D AttftlCHu B4 (a) fc^T 40 

sr B t;i/ttt, wsfflKi 2<7>M3at 

StbTV^o i4 (b) fc^jfcfi-fe^-Ctt. * 

asfl«a*i 2d*e>* i Pt±^ta"rj:5^^*^t:^ 

5o r*ttz:J:»K *^fi«4 2fcttT*&<, »S<oaA 
[0 10 7] SfetC. HSfc^-tiftfi-feA'-ctt, 50 



W¥l 0-161135 
16 

* 8 ®*«*i-4t>*>«« 3-tnm4-t 

H^W^iSittt^^^— * 8 -fc: J: 0 (STi"* r. t a* 
[0108] [JttM! l] *S6*©**«i:«5jKft-tr^ 

[0 10 9] r^o^$^-fe/^^o^M^-^5V^Tti, EIriRs 

6±fc*tt<0^— 9-6 3-«r«*U ^6 2X 
«BS«60 • 6 lSrflfi!9'&fc>*5. r(DJ:5(-tT^ 
^^nfc^-fe/H^v^r, Hi 2 (b) toTti^ 

IC, «£6 5ttftAn*»fe«*£«6 0 - 6 lOBfcB 

ttASttftV*ttA««6 7 • 6 7]Wi»£ftfc 0 

[0 110] ±|B«)Scfi-fe/^S: 1 5 OmmX 1 5 0mm 
INT X-CfERU '^«>«*^ - CttASrlTofcfcr^ 
fcAfcSlSBSrKLfc. yr/fmA*r«-C*£ 
<^fbLT*5*K ^©^-tHaAitl. 5±0. 5 
A/mXfcofeo £fcs Z<Dt&&±/\'$:0. 5kgf/c 
m 2 -CiJOffi-**Sfc, Efi^CfiSMe^Lfc, 
[0111] (Jttt«2] 131 0 (a) 

io<tT>* (b) HI (a) iCwrilBL&lzA' 

/Co ilO (a) ^8 
«#*Ip135S7 bTv^*rtU:*tLT««Lr*5 5, B10 
(b) ^jgM-ttft-fe/p-Ctt. >.^<— 8 — ©ft^*|ft39« 

ivr, 7^^*lftfcBC*lRUa^**4 lSrSEAi"S 
^Ofe^. »fi4 3#*ALfcj&*ofc#&A«#4 4-» 
[0 112] £Jl±©J:5^ *Sa*©*«^«5**-fe 
T. Et6ji4. ^i/^^y^*--tt45J:rJ t iB«»tt^*5 

[0 113] 

6A±©J:5^ l.fc|B« 

[0 114] **ft*^*■ : F■<0^^iS^^:*5V^ 
rjftfi«*«^5fc»t-W*«©B«-»*S:aAi-<5 
*!6$?BrtS*t6*ei^J:oTaA*lRlSrWJW 

aA*l^tE^ftffi*fi^i"ftK35 s raciC)S9, 
4ElnlSrl6ai-5rfc^r#So ^-<-1M^J: 
13 , fSfi©ttAflfr«W-fe/t/¥ y ^Sr*S-^«oi: t 

A^ft^^-i^^ra-c-iatciifT-rs^-c. *fi(o&A 
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[0 115] r©*?^ ttA*lftft^^-f-C»J»+ 

[0 116] 2 tcE*©»**^** 

It** 1 fcE«t0«ft*^*^lci3V^r, ±E«* 

*lftfcttfi*saA*n««fi8T?*>5« 
[0 117] rttmJ:?). &A#ft*Elft«i3I#fi<Dfc 
■rftft«s±li*l!:ov^r-«l!:*5i3&**-c**3i5ttA 
£*b£tf>T, Efi©»H4#*!3fiJbi**. Ufc^o 

[0 118] 3 KiBfcO***^** 

tt, W**ifcE««)*4*^*^J!:*5i^x:. ±E*-< 

[0 119] mt-<fc*K *^-*»iS*S«*fc:*fifc 

[0 12 0] **W©»**4|Cfa«©«ft*^*T- 

[0 12 1] mtcj:^ &AP^^^-tfc^ 
lf{!:«Sij&siiALX^<<0"C, ftAP/»^ISii^» 
-ffc^— 9-Sr»*i-5wt^-C*5o bd»t>, SAP 

T. B*«lOtt**^illiF3ftS*i-5a*^ai^ &A 

ttAlcBi-5«FraSrfi»i-5rt)&s-C* 

[0 12 2] 5 (c!B*©ffifi*^*iF 

[0123] m*-*!?. ytmimmmK*.*)^—* 
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[0 12 4] 6 ^ia«©»a«^«^F 

-*fc*+3S*±©EfaiH»*a s * iEx^tiD 

10 &t>&ftx^%ffif&xh%o 

[0125] z<dxo^ wa«*sEft*j»«'r*t>'b 

**xa^j:«)EiPiisy»JBfcsffe, wnt^it 

**0««tt, EftfBlPJiOElft, Wir^O 

[0126] 7 ^E«0*ft*^* ^ 

m#mi\zm%<om&mfj<m*\z&^x^ ±ib^^ 

-5 «5)"Ctt*o««l2:*5 It 5 Eft MM fc«*Ji ^ b 

30 SV^jclSU^SHrv^S*^*)©. 

[0 12 7] rixicj;!?, »#Ji8r^UTElPlH»*P 
±Sr*#-t-5©-c, Elpl«»JiSrftft**a^«)6S4 

ElftHWa^^^isv^^-f'SrttftS'erSi^K^ 
^^Px., K^X^^v^T, EA«J«WOEi$)Si^ 

40 [0128] 8 jcE*0*ft*^iRiF 

-*offlK^*5^XElRl«»« J: 13 ^±^(-1^ 
t-»»*ixXt5D, r©S»(cJ:i?, ±E-»©**^ 

[0129] mi-*' 9, Eisiw»SA 5 "r«tt^y-<5 

XZZ> 0 UfcdSoX, «**l<o«ft*^*^5»i"5 
50 ^^^^IS-ftfe^^BWSttSrfta^WFl-S^i: 
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[0130] 9 icEftoWft*^** 

tt. 18«»ttl!:tf ttfcil*S l fcE*<0»ft*^*m:: 

[0131] 1 0 fcE«tf>»i6*^** 10 

S©«*©^-f-S:**»fiR-f-5»lxai:, ±E* 
LX±E-^©S«ar« t) 2 xa 

[0 13 2] CtUcJ;^ ^^t^llEiSMC 
[0133] :<oi9i^ &A#fa£*^-i^ftJm- 

[0134] 1 1 fcEfc^ft***** 

©WftfrtfcBu. l o ^E«©»5B*«feJ-*5V^T. 
±E»3XSsSS. ±EEl^«I»»©E^31**lfcPI* 

[0 13 5] r*U-<fc!K ttA^[^]tE««tfi]^ 

SftSSVC* Efa©$H4#J:!?fa-b-**5o Lfctfo 

^i&ffiSr|fiI± r t s&s-C* 5 t ^ 5 »***i-5o 40 
[0 13 6] **W©Mf**l 2 fcE^iftfi*^** 
111**1 0K:E»D«ffi#ftt-*5V^ 
±E«1X8^ ±E^^-^Sr**fttt»/IBI-J:!3«' 

KSxetO«SI*fl:*5j;Uffi5g3^ h?>{g;$£|g|5rt^ 
[0137] #*B<z>!S*g 1 3 tcE*0»fi*^*T- 

<0»g#fttt, 1 0 i!lE*<0«3g*ftlC*5^T, 50 
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±E»ixe* $ , ±E»*S:«5fc*rt-C3fe< JiE^^<- 
*Sr*1-5*W-*5V^ttS&lc±E^'<-f-Srai5 * 
5^Bfil«»«*«*t-5XSS:^ ±E!g2Xa 
-^©Sffi±o±EE^0J^t-*5^5^^-f-to 

r t m <fc 9 ±E-*frOg&£&; 9 -&t>*5*S5fe 

[0138] ntucjztK mmm*&ftmwm-tf£t>h 

j&sfci\, ElfiI«»Ji«>*a:ttftS*"CElPlSI«iJl 

fl^l^&^fc^o Lfc^oT, if ** l o (OSJjg^ 

[0139] 1 4 |CE<fc©«ft**^*^ 

<0«5S*«fett, »**iO^E«©«56*ftfc*5V>r, 
±B»iia^ ±EaHRt«5«lt-c4<±E^'<- 
1?-«r*i-5**Et-*5^rtt* fciciE^-f-SBS J: 
5«cE«l«»»S:«*-t-6Xafc, -LE^-f-SraS 

Eft mapa ic^s # 5 ±e* t-&e-r 5 n& 

fc«*/i&*/fr*-*xa£*:£** ±EJB2xa^, Jb 
EElRlM»*K±Sr±E*#«ar^ LT«#+5 r t 

[0 14 0] mfc:J;!K «*JfSr^LTESl«l«Ul» 
±Sr«*i-5©"C, El6l»J»«8:t)Cffe:$*5i6W3^«: 

x.. »36xa^*5V^, *&<0E|rU -fe/v^y^©* 

[0141] *«W©if**i sicEfcoiftfi*^** 
o^ig^&d:, »#*io^E«©«®*ife^*5V^-c, 
±E^ l xa^s, ±Eft«8rfll 5 <t 5 i-EfifOT/l Sr« 
fig-t-SxaSr^^ ^©ElnlSJIBJBi^XE^^—^S: 

±EK2xa*5, ±E^-<-f-coii^^^^-r 
a*-c#<5o tfc^ot, it ** i o (omm^mm^-^ 
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[B5] lf*««K^^^^-i^3&SRft6>tbfciK*-fe^ 
[H6] jeWcttajKieoMft-fe/u© 
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[B9] **W©SS*O-*Jll2:«5*3(0jBEft-fe>rWD 
[010] WIt^5iSI 0 t;Wcjot«ffiMAi^ 
[111] «*0«ft-fe/vo#«B4«3tS:^ri»ffiH-t? 
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